Thus, more effective anticancer drugs with high selectivity against only malignant cells and with ability to repress tumor metastasis are desired. As candidates for such drugs, cytotoxic, antitumor or anticancer natural products have been often sought, and plant components such as Vinca alkaloids, taxoids, etoposide and irinotecan are now used in clinical treatments. 4) Vietnam has many medicinal resources, 5, 6) but only a few have been examined chemically except for Vietnamese ginseng. 7, 8) In the course of our search for Vietnamese medicinal plants, [9] [10] [11] [12] we collected plants which have been used as tonics, for treatment of inflammation, cancer and other conditions, 13, 14) at Seven-Mountain area, Angiang province and at Lamdong province. From 77 of these plants, 231 extracts were prepared and their antiproliferative activities were screened against highly metastatic human HT-1080 fibrosarcoma cells.
To determine the selectivity of their activities, we examined their antiproliferative activities against five other cell lines including three highly metastatic cell lines, i.e., human cervix HeLa adenocarcinoma, human lung A549 adenocarcinoma, murine colon 26-L5 carcinoma, murine Lewis lung carcinoma (LLC) and murine B16-BL6 melanoma cells. An extract of Streptocaulon juventas showed potent antiproliferative activities with selectivity against human tumor cells.
tively. Ribonuclease (RNase) was purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). The 100 Base-pair ladder was obtained from Amersham Pharmacia Biotech, Inc. (Piscataway, NJ, U.S.A.). Other reagents were of the highest grade available.
Preparation of Samples Each medicinal plant (30-213 g) was cut into small pieces and extracted successively with methanol (200-300 ml, reflux, 2 h, ϫ2), methanolwater (1 : 1, 200-300 ml, reflux, 2 h), and water (200-300 ml, reflux, 2 h). The methanol solution was evaporated under reduced pressure to give a methanol extract, while methanol-water (1 : 1) and water solutions were concentrated under reduced pressure and lyophilized to give methanolwater (1 : 1) and water extracts, respectively.
Cells A highly metastatic human HT-1080 fibrosarcoma cell line (ATCC # CCL-121) 15) was obtained from American Type Culture Collection (Rockville, MD, U.S.A.). Human cervix HeLa adenocarcinoma (RCB0007) 16) and human lung A549 adenocarcinoma (RCB0098) 17, 18) cell lines were purchased from Riken Cell Bank (Tsukuba, Japan). Highly liver metastatic murine colon 26-L5 carcinoma cell line was established by one of the authors (I. Saiki). 19) Highly lung metastatic murine LLC cell line originated spontaneously from murine lung 20) was kindly provided by Dr. K. Takeda (Juntendo University, Tokyo). Highly liver metastatic murine B16-BL6 melanoma cell line, obtained by an in vivo selection procedure for invasion, 21) was generously provided by Dr. I. J. Fidler (M.D. Anderson Cancer Center, Houston, TX, U.S.A.).
HT-1080, HeLa, A549, LLC and B16-BL6 cell lines were maintained in 75-cm 2 cell culture flasks in EME medium supplemented with 10% heat inactivated FCS, 2 mM L-(ϩ)-glutamine and 0.1% sodium hydrogen carbonate at 37°C under a humidified 5% carbon dioxide. 26-L5 cell line was maintained in RPMI 1640 medium containing the same supplement under the same conditions. Antiproliferative Activity Assay Viability of cells other than LLC, in the presence or absence of experimental extracts, was determined using the standard MTT assay 22) as described. 23) In brief, exponentially growing cells were harvested and 100-ml medium per well with 2ϫ10 3 cells suspended was plated in a 96-well plate. After 24-h incubation at 37°C under a humidified 5% carbon dioxide to allow cell attachment, the cells were treated with varying concentrations of test specimens in their respective medium (100 ml) and incubated for 72 h under the same conditions. After 2 h of the MTT (0.4-0.5 mg/ml, 100 ml) addition, the formazan formed was extracted with dimethyl sulfoxide (DMSO) and its amount was measured spectrophotometrically at 550 nm with Perkin-Elmer HTS-7000 Bio Assay Reader (Norwalk, CT, U.S.A.).
In the case of LLC cells, standard crystal violet staining assay was used in following the literature procedure. 24) In brief, exponentially growing cells were harvested and 100-ml medium per well with 1ϫ10 3 cells suspended was plated in a 96-well plate. After 24-h incubation at 37°C under a humidified 5% carbon dioxide atmosphere, 100-ml medium containing various concentrations of test specimen was added to each well and incubated for 72 h under the same conditions. After fixation with 25% glutaraldehyde solution (20 ml), the cells were stained with 0.5% crystal violet in 20% methanol/water for 30 min. After gentle rinsing with water, the retained crystal violet was extracted with 30% acetic acid and measured spectrophotometrically at 590 nm.
Each extract was dissolved in a bit of DMSO and added PBS, and then diluted with the medium; final concentration of DMSO was less than 0.25%. 5-FU and doxorubicin were used as positive controls, and EC 50 values were calculated from the mean values of data from four wells.
In Vitro Growth Inhibition Test In brief, exponentially growing HT-1080 cells were harvested and 100-ml EME medium per well with 5ϫ10 3 cells suspended was plated in a 96-well plate. After 24-h incubation, the cells were treated with varying concentrations of test specimens in EME medium (100 ml) and incubated for 12 and 24 h. Viability of cells was determined using the standard MTT assay.
Observation of Morphological Changes Morphological changes were observed as described previously. 25, 26) Briefly, exponentially growing HT-1080 cells were harvested and plated 1ϫ10 5 cells per well in a 6-well plate. After 24-h incubation, the cells were treated with varying concentrations of test specimens and incubated for 24 h. At the end of incubation, the morphological changes of the cells were recorded by photomicrography using a phase contrast microscope (Olympus Optical Co., Ltd., Tokyo).
Detection of DNA Fragmentation DNA was isolated and detected by the procedure described previously. 25, 26) Briefly, HT-1080 or LLC cells (Ͼ2ϫ10 6 cells) were preincubated in EME medium for 24 h, and then cultured with various concentrations of test specimen in serum free DMEM/F-12 medium containing 0.1% BSA, 100 IU/ml penicillin G and 80 IU/ml streptomycin for 24 h. At the end of the incubation, cells were pelleted and lysed in 600 ml of lysis buffer (10 mM Tris-HCl buffer, pH 8.0, 10 mM EDTA and 0.2% Triton X-100) for 10 min on ice. After the lysate was centrifuged at 14000 rpm for 10 min, the supernatant was extracted with TE buffer (10 mM Tris-HCl buffer, pH 8.0, 1 mM EDTA)-saturated phenol, and then centrifuged at 14000 rpm for 10 min. The upper layer was then extracted with CIAA solution (chloroform : isoamylalcoholϭ24 : 1), and DNA in the upper layer (500 ml) was precipitated with 3 M NaCl (50 ml) and cold ethanol (1000 ml) at Ϫ20°C overnight. After drying, DNA was dissolved in TE buffer. Contamination of RNA was eliminated by incubation with 1 mg/ml RNase at 37°C for 30 min. Following the addition of loading buffer, fragmented DNA was electrophoresed on 1.5% agarose gel in TAE (40 mM Tris, 20 mM acetic acid, 1 mM EDTA) at 100 V for 30 min and visualized by ethidium bromide staining.
RESULTS AND DISCUSSION
From 77 Vietnamese medicinal plants (Table 1) , methanol, methanol-water (1 : 1) and water extracts were prepared, and their antiproliferative activities were examined against highly metastatic human HT-1080 fibrosarcoma cells (Table 2) . Fifteen of the extracts showed antiproliferative activities in a concentration-dependent manner with EC 50 values less than 20 mg/ml: methanol extracts of Caesalpinia sappan (EC 50 , 15.8 mg/ml), Catharanthus roseus (EC 50 , 5.88 mg/ml), Eurycoma longifolia (EC 50 , 15.8 mg/ml), Hydnophytum formicarum (EC 50 , 9.97 mg/ml) and Streptocaulon juventas (EC 50 , Next, antiproliferative activities of the 15 extracts were examined against human cervix HeLa adenocarcinoma, human lung A549 adenocarcinoma, murine colon 26-L5 carcinoma, murine Lewis lung carcinoma (LLC) and murine B16-BL6 melanoma cells (Fig. 1, Table 3 ). These are three human tumor cells (HT-1080, HeLa and A549) and three murine tumor cells (26-L5, LLC and B16-BL6), while the four cell lines (HT-1080, 26-L5, LLC and B16-BL6) are invasive and metastatic and the LLC cell line is drug-resistant. 27) The methanol and methanol-water extracts of Co. fenestratum showed strong and selective antiproliferative activities against two kinds of lung carcinoma cells, A549 and LLC; methanol extract: EC 50 against LLC cells, 1.65 mg/ml; methanol-water extract: EC 50 against A549 and LLC cells, 2.88 and 2.84 mg/ml, respectively. Lung cancer is one of the major causes of death by cancer, and lung is one of the tissues where many cancer cells including LLC and B16-BL6 cells metastasize. The methanol and methanol-water extracts also showed antiproliferative activities against B16-BL6 cells, and berberine, a constituent of Co. fenestratum, 28) has recently been reported to inhibit metastasis of LLC cells. 29) It is interesting that Co. fenestratum and berberine are effective and specific against tumors in lung, in spite of their use as drugs for diseases of the digestive system, i.e., diarrhoea and dysentery.
All extracts of Cae. sappan and Cat. roseus showed antiproliferative activities against HT-1080 and LLC cells but not against A549 cells, suggesting the presence of components effective for the treatment of drug-resistant tumor. This may be interesting, because the drug-resistant tumor is a problem in long-term chemotherapy. In contrast, all extracts S. juventas extract, which showed selective and the most potent activity, induced HT-1080 cells in a spindle-shape when the present at more than 1 mg/ml and in a multi-blebbing-shape when the present at 4 mg/ml (Fig. 2) , while inhibiting their growth in a time-and concentration-dependent manner (Fig. 3) . These are the morphological changes typical of apoptosis.
30) Thus, we examined DNA fragmentation to clarify whether the S. juventas extract induced apoptosis or not. As can be seen in Fig. 4 , the extract induced ladder-like DNA fragmentation in a concentration-dependent manner against LLC and HT-1080, and this DNA fragmentation was in parallel with the growth inhibition. These ladder fragmentations of DNA and characteristic morphological changes indicate that antiproliferation by S. juventas is caused by apoptosis. Many anticancer drugs damage DNA or suppress its duplication, not to kill cells directly but to induce apoptosis. [31] [32] [33] The extract of S. juventas induced apoptosis with selectivity to tumor cells and thus seems to be a desirable candidate for a clinical drug.
Though there is no report on the antiproliferative activity of Co. fenestratum, which shows selective activity against lung-related tumor cells, its constituents, benzylisoquinolinetype alkaloids such as berberine, 28, 34) were reported to be cytotoxic. 35) The antiproliferative constituents of Cae. sappan also have not been reported, but the major antioxidative component of Cae. sappan, brazilin, 36) seemed to inhibit growth of tumor cells, based on a report that antioxidative phenolic compounds were cytotoxic against tumor cells. 37) Cat. roseus, which is used for treatment of cancer and diabetes in Vietnam, 13, 14) was reported to contain the anticancer indole alkaloids, vinblastine and vincristine, 38, 39) which are commonly called Vinca alkaloids or Catharanthus alkaloids. E. longifolia, inhibiting proliferation of all cells, was also reported to contain several cytotoxic quassinoids and indole alkaloids. 40, 41) H. formicarum and S. juventas, exhibiting selective activity against human tumor cell lines, are used for treatments of hepatitis, rheumatism and diarrhoea and for treatments of malaria and leucorrhea and as tonic, respectively, in Vietnam. 13, 14) But their constituents or biological and pharmacological activities have not been reported scien- 
